Structure prediction of the dimeric neu/ErbB-2 transmembrane domain from multi-nanosecond molecular dynamics simulations.
Dimerization of the neu/ErbB-2 receptor tyrosine kinase is a necessary but not a sufficient step for signaling. Despite the efforts expended to identify the molecular interactions responsible for receptor-receptor contacts and particularly those involving the transmembrane domain, structural details are still unknown. In this work, molecular dynamics simulations of the helical transmembrane domain (TM) of neu and ErbB-2 receptors are used to predict their dimer structure both in the wild and oncogenic forms. A global conformational search method, applied to define the best orientations of parallel helices, showed an energetically favorable configuration with the specific mutation site within the interface, common for both the nontransforming and the transforming neu/ErbB-2 TM dimers. Starting from this configuration, a total of 10 simulations, about 1.4 ns each, performed in vacuum, without any constraints, show that the two helices preferentially wrap in left-handed interactions with a packing angle at about 20 degrees. The resulting structures are nonsymmetric and the hydrogen bond network analysis shows that helices experience pi local distortions that facilitate inter-helix hydrogen bond interactions and may result in a change in the helix packing, leading to a symmetric interface. For the mutated sequences, we show that the Glu side chain interacts directly with its cognate or with carbonyl groups of the facing backbone. We show that the connectivity between interfacial residues conforms to the knobs-into-holes packing mode of transmembrane helices. The dimeric interface described in our models is discussed with respect to mutagenesis studies.